INTRODUCTION {#sec1-1}
============

Radical prostatectomy (RP) is one of the first-line treatment options for patients with organ-confined prostate cancer.[@ref1][@ref2] However, 40% of men treated with RP will experience biochemical recurrence (BCR) within 5 years.[@ref3][@ref4] Salvage radiotherapy (SRT) is currently the recommended option for patients with BCR.[@ref5][@ref6][@ref7] Nevertheless, a significant number of patients undergoing SRT for BCR following RP may again experience BCR after SRT.[@ref6] Several studies[@ref6][@ref7] have found that various factors such as Gleason score (GS), pathological tumor (pT) stage, SRT combined with androgen deprivation therapy (ADT), radiation dose, perineural invasion, preoperative prostate-specific antigen (PSA), surgical margin, and seminal vesicle involvement (SVI) are associated with BCR after SRT. However, there have been conflicting results and the predictive factors for BCR remain to be clearly established. An increasing number of new publications on this controversial subject have emerged in recent years.[@ref8][@ref9][@ref10][@ref11]

We conducted a systematic review and meta-analysis to evaluate the factors influencing BCR after SRT to build predictive models to help clinicians identify the best candidates who will benefit from SRT.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Identification of eligible studies {#sec3-1}

We searched the following electronic databases: PubMed, Embase, and Web of Science from inception to June 15, 2015. The search was performed using the followiCg terms in "All fields": "salvage radiation therapy," "salvage IMRT," "S-IMRT," "salvage radiotherapy," "SRT," "radical prostatectomy," "RP," "biochemical recurrence," "BCR," "biochemical relapse." Reference lists of all relevant papers were also searched for further articles.

### Inclusion/exclusion criteria {#sec3-2}

Studies were considered eligible if they met the following criteria: (1) prospective or retrospective studies on patients who had received SRT for BCR following RP and again experienced BCR after SRT; (2) the study should report at least one of the following predictive factors: GS, pT stage, SRT combined with ADT, radiation dose, perineural invasion, preoperative PSA, surgical margin, and SVI; and (3) the study should report the number of patients who had received SRT and the number who had BCR after 5 years of follow-up. The exclusion criteria were as follows: (1) interventions that did not include SRT and (2) studies that contained data that could not be extracted and any attempts to obtain the information from the authors had failed.

### Data extraction {#sec3-3}

Data were extracted independently by two authors (ZWJ and KC) using a standardized form and any disagreement was resolved by consensus between the two authors or consultation with a third reviewer. The data extracted from each paper included first authorship, country of origin, year of publication, age of patients, follow-up duration, BCR rate after 5 years follow-up, study size, and patient demographics, including GS, pT stage, SRT combined with ADT, radiation dose, perineural invasion, preoperative PSA, surgical margin, and SVI.

### Statistical methods {#sec3-4}

Review Manager version 5.2 (Cochrane Collaborative, Oxford, UK) was used to integrate all the individual outcomes. Statistical heterogeneity among studies was evaluated based on the *χ*^2^ test and *I*^2^ test. Significant heterogeneity was considered when *P* \< 0.10 and *I*^2^ was \>50%.[@ref12] Publication bias was evaluated by the funnel plot and Begg\'s rank regression test using STATA version 12.0 (Stata Corporation, College Station, TX, USA).[@ref12] Publication bias was significant at *P* \< 0.1.

RESULTS {#sec1-3}
=======

 {#sec2-2}

### Study inclusion {#sec3-5}

**[Figure 1](#F1){ref-type="fig"}** shows the flowchart of papers retrieved and excluded. We identified 1250 papers from the database search and retrieved the full text for 204 based on abstract reviews. Of these 204 papers, 196 were finally excluded because they did not meet the inclusion criteria. In addition, four papers were identified from the reference lists.[@ref13][@ref14][@ref15][@ref16] Finally, a total of 11 papers were eligible for review. Any disagreements at this stage were resolved by consensus.

![Flow chart of papers retrieved and excluded.](AJA-19-493-g001){#F1}

### Study characteristics {#sec3-6}

The characteristics of the eligible studies are summarized in **[Table 1](#T1){ref-type="table"}**. The 11 studies in this meta-analysis were published from 2003 to 2014, and the study size ranged from 35 to 472 patients. Of the 11 studies, four were conducted in Europe, three in Asia, three in North America, and 1 in Latin America. The patients' age ranged from 39 to 81 years and the follow-up duration was 3--157.1 months. In addition, the BCR rate after SRT ranged from 23.3% to 79.7% at 5 years.

###### 

The characteristics of eligible studies

![](AJA-19-493-g002)

### Main outcomes {#sec3-7}

The clinical or pathological risk factors influencing BCR of prostate cancer in patients who received SRT for BCR following RP are shown in **Figures [2](#F2){ref-type="fig"}**--**[9](#F9){ref-type="fig"}**. SRT was defined as local radiotherapy to the prostatic bed alone following BCR after RP.[@ref10] BCR after RP was defined as PSA level ≥0.2 ng ml^−1^ with two consecutive increases from a baseline of \<0.2 ng ml^−1^. BCR after SRT was defined as a PSA level that had increased to ≥0.2 ng ml^−1^ from the post-RT nadir confirmed by one more consecutive result.[@ref17][@ref18]

![Forest plot of the studies assessing the association between preoperative PSA and BCR. PSA: prostate-specific antigen; BCR: biochemical recurrence.](AJA-19-493-g003){#F2}

![Forest plot of the studies assessing the association between GS and BCR. GS: Gleason score; BCR: biochemical recurrence.](AJA-19-493-g004){#F3}

![Forest plot of the studies assessing the association between pT stage and BCR. pT: pathological tumor; BCR: biochemical recurrence.](AJA-19-493-g005){#F4}

![Forest plot of the studies assessing the association between surgical margins and BCR. BCR: biochemical recurrence.](AJA-19-493-g006){#F5}

![Forest plot of the studies assessing the association between SRT combined with ADT or not and BCR. SRT: salvage radiotherapy; ADT: androgen deprivation therapy; BCR: biochemical recurrence.](AJA-19-493-g007){#F6}

![Forest plot of the studies assessing the association between radiation dose and BCR. BCR: biochemical recurrence.](AJA-19-493-g008){#F7}

![Forest plot of the studies assessing the association between perineural invasion and BCR. BCR: biochemical recurrence.](AJA-19-493-g009){#F8}

![Forest plot of the studies assessing the association between SVI and BCR. SVI: seminal vesicle involvement; BCR: biochemical recurrence.](AJA-19-493-g010){#F9}

### Preoperative PSA {#sec3-8}

Five studies[@ref11][@ref15][@ref17][@ref19][@ref20] including 561 patients showed a weak association between preoperative PSA ≥10 ng ml^−1^ group and preoperative PSA \<10 ng ml^−1^ group (odds ratio \[OR\]: 1.36; 95% confidence interval \[CI\]: 0.94--1.96). The fixed-effects model was reported here because there was no evidence of heterogeneity (*I*^2^ = 29%) (**[Figure 2](#F2){ref-type="fig"}**).

### GS {#sec3-9}

Four studies[@ref8][@ref9][@ref10][@ref13] evaluated GS: 441 patients were ≥7 and 265 were \<7. The overall effect of this meta-analysis was against the patients with GS ≥7 (OR: 3.82; 95% CI: 2.60--5.64). The random-effects model was reported here because there was evidence of significant heterogeneity (*I*^2^ = 59%) (**[Figure 3](#F3){ref-type="fig"}**).

### pT stage {#sec3-10}

Seven studies[@ref8][@ref9][@ref10][@ref11][@ref13][@ref16][@ref19] including 1024 patients reported the relationship between pT stage and BCR. When these results were pooled, pT ≥3a was a significant factor predicting BCR after SRT (OR: 1.87; 95% CI: 1.08--3.23). The random-effects model was reported here because there was evidence of significant heterogeneity (*I*^2^ = 61%) (**[Figure 4](#F4){ref-type="fig"}**).

### Surgical margin {#sec3-11}

Positive surgical margins indicate the presence of remnant tumors in the surgical bed, but their impact on cancer progression remains a topic of debate.[@ref14] In this meta-analysis, eight studies evaluated the surgical margins[@ref9][@ref10][@ref13][@ref14][@ref16][@ref17][@ref19][@ref20] However, the overall effect showed no significant association between surgical margins and BCR (OR: 1.09; 95% CI: 0.83--1.43). The fixed-effects model was reported here because there was no evidence of heterogeneity (*I*^2^ = 30%) (**[Figure 5](#F5){ref-type="fig"}**).

### SRT combined with ADT {#sec3-12}

SRT combined with ADT may be a treatment option for patients with a higher probability of relapse after SRT. However, the effect remains a topic of debate. Five studies[@ref11][@ref15][@ref17][@ref19][@ref20] included 292 patients who were given ADT with SRT and 278 who were not given concomitant ADT as a control group. The overall effect of this meta-analysis favored ADT with salvage RT (OR: 0.63; 95% CI: 0.44--0.90). The fixed-effects model was reported here because there was no evidence of heterogeneity (*I*^2^ = 4%) (**[Figure 6](#F6){ref-type="fig"}**).

### Radiation dose {#sec3-13}

Until now, no prospective data have been published regarding the most efficacious dose of SRT. In this meta-analysis, we evaluated three studies including 264 patients that evaluated radiation dose.[@ref14][@ref15][@ref19] Pooling of data from these studies showed a significant effect of radiation dose ≥64 Gy versus the controls (OR: 0.35; 95% CI: 0.19--0.64). The fixed-effects model was used here because there was no evidence of heterogeneity (*I*^2^ = 0%) (**[Figure 7](#F7){ref-type="fig"}**).

### Perineural invasion {#sec3-14}

Two studies[@ref10][@ref20] evaluated perineural invasion, including 106 patients in the positive group and 39 patients in the negative group. The overall effect of this meta-analysis showed no significant association between the two groups (OR: 2.64; 95% CI: 1.11--6.26). The random-effects model was used here because there was evidence of significant heterogeneity (*I*^2^ = 70%) (**[Figure 8](#F8){ref-type="fig"}**).

### SVI {#sec3-15}

Five studies[@ref10][@ref14][@ref15][@ref17][@ref20] including a total of 408 patients reported the relationship between SVI and BCR. Pooling of data from these studies showed no significant difference between the positive and negative groups (OR: 0.91; 95% CI: 0.54--1.53). The fixed-effects model was used here because there was no evidence of heterogeneity (*I*^2^ = 0%) (**[Figure 9](#F9){ref-type="fig"}**).

### Publication bias and sensitivity analysis {#sec3-16}

We performed a funnel plot and Egger\'s test to assess publication bias. The funnel plots were symmetrical among the studies included (**[Figure 10](#F10){ref-type="fig"}**). Consistent with this, we found no evidence of publication bias by Egger\'s test (*P* = 0.453). We performed leave-one-out sensitivity analysis and the results indicated that a single study could not qualitatively change the pooled ORs.

![Funnel plot and Egger\'s test to assess the publication bias.](AJA-19-493-g011){#F10}

DISCUSSION {#sec1-4}
==========

Based on the well-known association between SRT and cancer control outcomes, it is recommended that SRT should be administered to patients with BCR after RP. However, some men still experience BCR, even when SRT is administered early after BCR. Many factors may affect BCR; however, there are conflicting results and the predictive factors for BCR remain to be clearly established. Thus, evaluating the clinical significance of different clinic-pathological parameters in BCR after SRT and identifying patients who may benefit from post-RP radiation are critical for improving outcomes in the salvage setting. For this purpose, BCR-related variables involved in the outcome of patients receiving post-RP RT are of major significance.

This study was the first systematic review and meta-analysis of the risk factors for BCR among patients who have received SRT for BCR following RP. We included 11 studies from 2003 to 2014 with a total of 1383 patients. Our analysis shows that GS, pT, SRT combined with ADT, and radiation dose are associated with the risk of BCR.

Although the predictive value of GS has been reported in several studies, the results remain controversial. One study conducted by Monti *et al*.[@ref13] did not find any association between GS and BCR. However, Peyromaure *et al*.[@ref16] and Stephenson *et al*.[@ref21] found that GS ≥8 was associated with a high risk of BCR. Consistent with our findings, Song *et al*.[@ref22] reported that a GS ≥7 was an accurate predictor of BCR after SRT. In general, we found that GS ≥7 was a risk factor for BCR. Several recent studies have reported that pT stage was a risk factor predicting BCR after SRT. However, the specific stage was not consistent. In our study, pT ≥3a was a significant factor predicting BCR after SRT. For patients with pT ≥3a disease, SRT may not be effective, and postoperative RT may improve biochemical relapse-free survival (bRFS). One study conducted by Jereczek-Fossa *et al*.[@ref23] reported that bRFS in postoperative RT patients was significantly longer than that of patients who had undergone SRT (4-year biochemical control rates: 81.7% *vs* 60.5%, respectively).

SRT combined with ADT may be an effective treatment option for preventing BCR after SRT. However, the efficacy of this strategy for reducing cancer recurrence remains a topic of debate. Our results indicated that BCR was significantly reduced in patients who received SRT combined with ADT. In contrast, Trock found that SRT combined with ADT did not decrease BCR after SRT,[@ref7] while several other studies reported that ADT administered concurrently with SRT was predictive of favorable patient outcomes.[@ref11][@ref15][@ref17][@ref20] Notably, Stephenson *et al*.[@ref21] found that ADT administered before and/or during SRT may improve the efficacy of SRT, consistent with our results. SRT was administered at a total dose of 60--70 Gy (median 66 Gy) in the current study, but the optimal dose of SRT remains controversial, and no prospective data are currently available. The Therapeutic Radiology and Oncology (ASTRO) Consensus Panel suggested the highest dose of radiation therapy that can be given without morbidity is justifiable. In this study, we found that the effect of SRT might be improved with a dose of ≥64 Gy. However, the possible side effects should also be taken into consideration when choosing the appropriate dose of SRT. Several studies reported that a dose \<64 Gy is rarely associated with severe side effects,[@ref24][@ref25][@ref26] while other studies reported that a dose \>68 Gy was associated with an increase in late grade 3 urinary toxicity.[@ref27]

In general, patients have a bad prognosis if their surgical margins are positive. However, several studies showed that patients are more likely to have better prognosis if their surgical margins are positive.[@ref11][@ref21][@ref28] Some studies have reported to the contrary. Briganti *et al*.[@ref9] reported that a positive surgical margin may be a risk factor of BCR after SRT. Meanwhile, a study conducted by Umezawa *et al*.[@ref19] showed that the status of the surgical margin did not affect BCR after SRT. This was consistent with our results, which showed that there is no significant association between surgical margins and BCR. In several studies, patients with preoperative PSA \>20 ng ml^−1^ were excluded from SRT,[@ref29] and the ideal patient has preoperative PSA \<10 ng ml^−1^. However, our study did not find any obvious association between preoperative PSA and BCR after SRT. Patients with the involvement of SVI are usually excluded from SRT as well but, in our study, the correlation was not obvious. Meantime, we find no matter what the status of perineural, the results may not have statistically significant. It is not clear what caused this phenomenon. Although we found a significant difference, only eight, five, five, and two articles were included to evaluate surgical margin, preoperative PSA, SVI, and perineural invasion, respectively. We look forward to more studies, with large sample sizes, to confirm our findings.

PSA doubling time (PSADT) has recently been used as a parameter to identify appropriate patients for SRT after BCR in clinical practice.[@ref30] Trock[@ref7] reported that patients with PSADT \<6 months may experience significantly improved prostate cancer-specific survival. However, Umezawa *et al*.[@ref19] and Stephenson *et al*.[@ref21] found different results; Umezawa *et al*.[@ref19] showed that patients with PSADT \<7 months had poorer survival and a lower 4-year bRFS rate than patients with PSADT ≥7 months, while Stephenson *et al*.[@ref21] found that patients with PSADT ≤10 months had poorer survival, irrespective of GS state and surgical margin. However, there is currently no definitive cut-off value for PSADT to help identify appropriate patients for SRT. In addition, pre-SRT PSA level and PSA nadir after RP might predict the results of SRT after BCR.[@ref9][@ref10][@ref11][@ref15][@ref20] The significance of these parameters should be verified in large prospective studies.

Imaging is a valuable targeted tool for predicting patients' prognosis. Positron emission tomography/computed tomography (PET/CT) using ^11^C-labeled choline may help to identify patients likely to benefit from SRT, given that ^11^C-choline PET/CT can detect the site of tumor recurrence earlier than other imaging methods. Castellucci *et al*.[@ref31] found that positive scan results were positively correlated with PSA level, ongoing ADT, and PSAD, while Souvatzoglou *et al*.[@ref32] also found that patients with positive ^11^C-choline PET/CT results had significantly higher PSA levels. In addition, Rodado-Marina *et al*.[@ref33] revealed that PSA \>3 ng ml^−1^, no early RP, and GS ≥8 were independent risk factors for positive PET/CT in a study of 233 patients. Although the results of the above studies are not identical, they suggest that choline-PET/CT may be a useful predictive imaging tool.

Despite the above positive findings, we remain cautious in our conclusions, as our study was not devoid of some limitations. First, we considered only a single risk factor. However, BCR may be affected by one or more factors. We tried to extract adjusted data from the studies included; however, most of the papers did not report adjusted hazard ratios in multivariate analysis. Our study may only provide some references and we hope that more papers with adjusted data will be published in the future to provide further research. Second, the initial RP was performed by different doctors, even though each operation was carried out according to the standard method. Therefore, the surgical quality may differ and the results may display heterogeneity. Third, we used BCR as the primary endpoint, but did not take comorbidity into account. However, some patients who experience BCR will die from diseases other than prostate cancer.[@ref34] The absence of analysis of accurate PSA data after BCR may be another limitation of our study because we could not distinguish the importance of each risk factor. In addition, our meta-analysis only included 11 articles related to the risk factors and the results need verification.

CONCLUSIONS {#sec1-5}
===========

Our meta-analysis suggests that GS ≥7, pT ≥3a, and SRT not combined with ADT and radiation dose \<64 Gy are risk factors for BCR among patients who have received SRT for BCR following RP. However, preoperative PSA, surgical margin, perineural invasion, and SVI have no effect on BCR. Our predictive models might help clinicians to identify the best candidates who will benefit from SRT.
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